Cerebrospinal fl uid (CSF) fi stulae have been encountered by otolaryngologists often since the advent of modern endoscopic sinus surgery, otologic surgery, and skull base surgery. Treatment of CSF leaks may include bed rest, head-of-bed elevation, stool softeners, external spinal fl uid drainage, and surgery. External CSF drainage is accomplished via a lumbar spinal drain. Placement of spinal drains is often performed by neurosurgeons and anesthetists. A few otolaryngologists have been trained in the placement and management of lumbar drains, but at most otolaryngology training institutions, education in lumbar drains is not provided. However, in some circumstances, it may fall to an otolaryngologist to accomplish the task. We believe that every otolaryngologist, from the generalist in private practice to the academic neuro-otologic surgeon, should understand the proper technique for the insertion and management of a lumbar drain. Otolaryngologists should be familiar with the physiologic properties of CSF, the methods used to diagnose fi stulae, and the techniques used to repair leaks. External spinal drainage is an important element in the management of CSF fi stulae, and it has been used in treating perilymphatic fi stulae and "gushers." Much controversy surrounds its routine use. Otolaryngologists need to understand the risks, benefi ts, and outcomes of spinal drain use in order to decide which patients may benefi t from this procedure.
Introduction
Since the advent of modern techniques for ENT surgery, otolaryngologists have encountered more cases of cerebrospinal fl uid (CSF) fi stulae. CSF leaks have a number of causes, including traumatic, spontaneous, and iatrogenic mechanisms. Fistulae may be encountered during procedures involving the paranasal sinuses, skull base, orbit, mastoid, and ear.
Otolaryngologists have many tools in our armamentarium for managing CSF fi stulae. They range from conservative observation to direct repair with local and free grafting procedures. In any situation, the goals are to reestablish a physiologic or functional fl ow of CSF and to minimize the communication of contaminated body sites with the central nervous system and thereby prevent meningitis.
We present this review of CSF physiology, the diagnosis of CSF fi stulae, and methods of treatment to help clarify the value and limitations of lumbar drainage and to encourage otolaryngologists to become profi cient in managing lumbar drains.
Characteristics of CSF and CSF fi stulae
To understand CSF fi stulae, it is necessary to fi rst understand the physiology of CSF itself. Approximately 70% of a person's CSF is produced by the choroid plexus, which is located in the third, fourth, and lateral ventricles. The remaining 30% is produced via capillary fi ltration and biochemical metabolism. CSF is produced in quantities of 21 to 24 cm 3 per hour. 1 Resorption of CSF occurs via pressure-sensitive one-way valves (the arachnoid villi), which are located in the venous sinuses. At any given time, adults have approximately 90 to 150 cm 3 of CSF; 40 cm 3 of this amount resides in the lateral ventricles. 2 Normal intracranial pressure ranges from 5 to 15 cm H 2 O, depending on variations in both cardiac and respiratory phases. Valsalva maneuvers increase intracranial pressure by reducing intracranial venous outfl ow. Increased intracranial pressure may also occur as a result of an imbalance in CSF production and absorption. As a result, a net gain of fl uid volume occurs within the ven-tricles. This imbalance may be attributable to increased CSF production, impaired venous outfl ow, or an anatomic blockage of fl ow. Intracranial pressure increases may lead to the development of a spontaneous CSF fi stula.
CSF fi stulae can be classifi ed into three categories: traumatic, nontraumatic, and iatrogenic:
• Trauma is the most common cause of CSF fi stulae.
Patients with post-traumatic fi stulae may present with rhinorrhea, otorrhea, or epiphora. The incidence of post-traumatic rhinorrhea following closed head injuries is 2 to 3%. 1 Some 21% of patients diagnosed with a temporal bone fracture will develop a CSF fi stula. 3 Some fi stulae occur immediately after trauma, and the development of others is delayed, sometimes for many years. • Nontraumatic (spontaneous) CSF fi stulae can lead to two types of leaks: normal-pressure and high-pressure. Normal-pressure leaks usually occur secondary to congenital skull base malformations, tumor erosions, and infections. High-pressure leaks are related to hydrocephalus. Nontraumatic CSF fi stulae are rare. A thorough history is needed to elucidate any distant trauma or surgery that might have caused such a leak. • Iatrogenic or postoperative CSF fi stulae occur following many of the procedures that otolaryngologists perform, including frontal sinus fracture repair, sinus surgery, otologic procedures, and mastoid and skull base surgery. The risk of CSF leakage secondary to these procedures ranges from 0.5 to 3% after endoscopic sinus surgery 4 to 25% following transsphenoidal hypophysectomy. 5
Diagnosis of CSF leak
The history and physical examination are crucial for diagnosing CSF leak. Patients who have overt, clear rhinorrhea may notice a salty taste. Others may discover a "double-ring" or "halo" sign on their bed sheets upon awakening, as a result of discharged CSF and blood separating overnight (because of their different densities) and staining the linens. Also, even a mild Valsalva maneuver may increase intracranial pressure enough to elicit CSF fl ow through a fi stula, further confi rming the diagnosis. More objective ways of confi rming a CSF fi stula include measurement of the glucose and beta 2 -transferrin levels in CSF:
• A glucose concentration greater than 30 mg/ml in nasal secretions is regarded as signifi cant, although a reading may be misleading if the specimen has been contaminated by lacrimal secretions or blood. The concentration of glucose in CSF should be approximately two-thirds of the concentration in serumthat is, 50 to 80 mg/dl. • Beta 2 -transferrin is a protein present in CSF, perilymph, and the aqueous humor. It is normally absent in nasal secretions. Therefore, a fi nding of this protein in combination with CSF-specifi c prealbumin in nasal secretions has a sensitivity of 97.7% for the diagnosis of a CSF leak. 6, 7 The most accurate imaging modality for identifying an active fi stula site is intrathecal contrast-enhanced computed tomography (CT). An aliquot of 6 to 7 ml of isohexol in a concentration of 190 to 220 mg/ml is injected into the lumbar subarachnoid space. Then the patient is placed in the Trendelenburg position for 3 or 4 minutes. CT is obtained in standard axial and coronal planes with 1-to 2-mm cuts. 1 Another means of obtaining detailed information on the location of an anterior cranial fossa CSF fi stula is an endonasal examination following the injection of intrathecal sodium fl uorescein (≤50 mg). When performed in the operating room, this procedure can be used just prior to endoscopic surgical repair. 7 Intrathecal methylene blue has also been used to identify CSF leaks, but its use has fallen out of favor because of neurotoxic reactions. 1
Indications for lumbar drainage
Once the diagnosis of CSF fi stula is made, the otolaryngologist, often in collaboration with a neurosurgeon, must determine the best treatment modality. One must take into consideration several factors, such as the cause, timing, location, and size of the CSF leak, as well as the presence of any comorbid processes such as meningitis. Depending on these variables, a physician may choose to begin with a noninvasive approach. Initial conservative measures used to manage small CSF leaks include bed rest, head-of-bed elevation, and stool softeners. When a fi stula is large or if it is complicated by a central nervous system infection, the initial management often must include the placement of a lumbar drain and possibly surgery.
The indications for lumbar drainage in the management of routine CSF fi stulae are not well defi ned. Some authors recommend lumbar drainage only in circumstances when intracranial pressure is elevated. 6 Others advocate drainage routinely for all patients with a CSF fi stula. Lee et al placed a lumbar drain in 8 patients with CSF rhinorrhea whose fi stulae were repaired with underlay grafts; they reported a successful outcome in 7 of these patients (87.5%). 8 Marks successfully used lumbar drainage in middle turbinate graft repair of CSF rhinorrhea. 9 Lindstrom et al advocated that spinal drainage be used only selectively because of their belief that routine drainage increases morbidity and prolongs hospital stays. 10 In their 10-year series, they limited their use of lumbar drains to those patients who had an elevated body mass index, spontaneous CSF fi stulae, and/or a large skull base defect and to those who were undergoing a revision repair.
Carrau et al emphasized the importance of recognizing high-pressure hydrocephalus in patients with a CSF leak. 11 By properly addressing the physiologic properties associated with fi stula occurrence, they improved their repair success rate by using spinal drainage and CSF shunting. In a meta-analysis, Selesnick et al reviewed 25 studies and concluded that lumbar drainage is the optimal mode of initial management in patients with CSF rhinorrhea. 12 A CSF leak following cochlear implantation or stapes surgery is rare. 13 When it does occur, it is believed to be the result of a cochleovestibular or internal auditory canal anomaly. Some authors have used lumbar spinal drains to treat CSF leaks associated with these procedures. 14 The treatment of a CSF fi stula related to cochlear dysplasia with a defect in the stapes footplate was examined by Syal et al. 15 Locatelli et al reported a 100% success rate in repairing leaks with a multiple-layer vestibular pack and a pedicled temporalis muscle fl ap followed by lumbar drainage for 7 days at 10 ml/hr. 6 However, others have found that lumbar spinal drainage was unnecessary in treating CSF leaks secondary to cochlear implant surgery. 13 Selesnick et al reported that after retrosigmoid and translabyrinthine approaches to vestibular schwannoma surgery, CSF fi stulae treated with lumbar drainage yielded success rates of 61 to 71%. 12
Drain placement technique
Lumbar drain placement is often done by neurosurgeons and anesthetists, but there are times when an otolaryngologist might be called upon to perform this procedure. At most otolaryngology training institutions, instruction in lumbar drain placement is not provided, and few otolaryngologists have been trained in this procedure. At the institution of the senior author (R.T.S.), otolaryngol-ogy residents place and manage lumbar drains routinely when indicated. We believe that every otolaryngologist, from the generalist in private practice to the academic neuro-otologic surgeon, should understand the proper technique for inserting and managing a lumbar drain (see "A step-by-step description of proper lumbar drain placement").
All patients with a lumbar drain should be admitted to the intensive care unit or step-down unit with hourly neurologic checks initially. The patient should be placed on bed rest with little or no head-of-bed elevation. Sedatives and strong analgesics should be avoided so as to not confuse the picture if the patient develops any changes in mental status. At our institutions, the nursing staffs are educated on the management of the drainage system.
Drainage at a rate that is lower than the rate at which CSF is produced may help prevent sudden spikes in intracranial pressure, which can be detrimental to graft adhesion. A drainage rate of 10 to 15 mm/hr is suggested.
There are several different drainage protocols:
• The drain system can be opened on an hourly basis to release the desired amount. • Continuous drainage, which requires strict bed rest in the supine position, is accomplished by positioning the drain reservoir at the appropriate height in relation to the lumbar spine until a predetermined amount has been removed. 16 Achieving the correct amount with continuous draining can be diffi cult, and overdrainage can occur if the process is not observed closely. • Some authors have developed novel methods of drainage in an attempt to improve patient care and safety. One such method was described by Vender et al, 17 who used pump-regulated drainage in a pediatric population. With this technique, the lumbar drain is connected to an intravenous infusion pump. The amount of CSF drained per hour can be regulated, and over-and underdrainage can be avoided. Because this method is not gravity-dependent, the patient is not confi ned to bed. The limited fl uctuations in CSF pressure allow for a more comfortable drainage process for the patient.
The optimal duration of spinal drainage for CSF leaks is not well defi ned. Placement for 2 to 5 days has been reported to minimize the risk of indwelling catheter infections while seeming to facilitate fi stula closure. 13 Step 1. Position the patient in a lateral decubitus or fetal position with the neck, back, and hips maximally fl exed to separate the lumbar vertebral interspaces. It may be helpful to place a pad between the iliac crest and the inferior costal margin to prevent sagging and to keep the spinal column parallel to the plane of the bed. An alternative is to have the patient seated while facing away from the physician and leaning forward over a bedrest.
Step 2. Prepare a sterile fi eld by applying povidoneiodine solution to the patient's lower back, and then drape the area with sterile towels.
Step 3. If the procedure is done while the patient is awake, administer 1% lidocaine to anesthetize the skin and deep tissue through which the large spinal needle will pass.
Step 4. Open the lumbar drain kit, put on sterile gloves, and thread the guide wire into the catheter.
Step 5. With the nondominant hand, palpate the patient's iliac crest. The top of the iliac crest is at the level of the vertebral body of L4. Mark this level on the spine with a surgical marker or use a fi ngernail to make an indentation in the skin. The needle should be inserted through the L4-L5 or L5-S1 interspace.
Step 6. Load the needle with the stylet and position the bevel of the needle toward the ceiling to minimize injury to the longitudinal dural fi bers. Pass the needle inferior to the spinous process of L4. Angle the needle slightly superiorly and aim toward the umbilicus. Keep pressure on the hub of the stylet by holding the needle between the index fi nger and thumb.
Step 7. Advance the needle until a "pop" is felt, indicating that the needle has penetrated the longitudinal ligament and dura mater and has entered the subarachnoid space.
Step 8. Remove the stylet and check for return of CSF. If the fl ow is low, replace the stylet and rotate the needle 90° toward the patient's head (positioning the bevel superiorly) and remove the stylet again.
Step 9. If no fl ow of CSF is seen, replace the stylet and reposition the needle. Never insert the needle without the stylet because the needle could fi ll with epidermis, which could be deposited in the subarachnoid space and later become an epidermoid tumor. Also, never advance the needle without the stylet in place so that you minimize the risks of nerve and spinal cord injury. If the puncture is unsuccessful, try passing the needle through the interspace directly above or below the initial one.
Step 10. Once adequate CSF return is confi rmed and the bevel of the needle is pointing toward the patient's head, pass the catheter with the guide wire through the needle so that 10 to 20 cm of the catheter is situated in the intrathecal space.
Step 11. Remove the guide wire and check for CSF fl ow from the catheter. Avoid withdrawing the catheter while the needle is still in place because the sharp needle tip could transect the catheter, thereby leaving a free segment in the intrathecal space.
Step 12. If adequate CSF return from the catheter is present, remove the needle. If fl ow is inadequate and the catheter has to be withdrawn or removed, the catheter and needle must be removed as a unit. Thereafter, insertion can begin anew.
Step 13. Apply benzoin to the patient's back and loop the catheter on the lower back to prevent kinking. Then cover with a large Tegaderm dressing or similar dressing.
Step 14. Connect the catheter to the drainage system.
A step-by-step description of proper lumbar drain placement

Complications of lumbar drainage
Lumbar drainage is not a benign procedure, and physicians must be aware of the possible complications. Spinal headache is the most common complication, occurring in as many as 60% of patients. 18 It usually resolves in 24 to 48 hours. Radicular pain is another minor complication. It manifests as a shooting pain down the lower extremity or across the abdomen, especially when the catheter is manipulated or the patient is turned. Other complications are more serious.
Retained catheter. If the drainage catheter is pulled or manipulated while the spinal needle is still in the intrathecal space, the sharp bevel of the needle can lacerate the catheter and leave a segment in the subarachnoid space. 19 If a portion of the retained catheter is in an extrathecal position, surgical removal is indicated. However, if the entire segment of retained catheter is in the subarachnoid space and the patient has no symptoms of paresis or radicular pain, then it is safe to just observe the patient. 12 Overdrainage. Overdrainage of CSF can lead to serious, even life-threatening, neurologic sequelae, which must be recognized and treated promptly. Affected pa-tients may initially complain of nausea, vomiting, and/ or headache. The nursing staff may report changes in mental status or excessive somnolence. Lower cranial neuropathies may be seen as brain herniation leads to traction on nerve roots, which might cause new-onset dysphonia and/or dysphagia with vocal fold paralysis. Overdrainage may also lead to cerebrovascular compression and result in a seizure or stroke. When there is any suspicion of overdrainage, the drain should be turned down or clamped and CT of the head should be obtained immediately. 20 Meningitis. Patients who have a drain placed after skull base surgery may develop meningitis. Patients who experience a spontaneous resolution of a traumatic CSF fi stula within 7 days have an 11% risk of meningitis, and those whose leak persists have an 88% risk. 21 It is recommended that CSF specimens be checked daily with Gram staining, cultures and sensitivities, and analyses of white blood cell counts, glucose levels, and protein counts. In this way, physicians have an empiric means of monitoring for infection.
Physicians must take care to differentiate between aseptic meningitis and bacterial meningitis, as their signs and symptoms are the same. Laboratory tests can make the distinction. In the postsurgical patient, aseptic meningitis is much more common. Patients with aseptic meningitis will have negative Gram stain and culture results, and laboratory analysis of their CSF will show an elevated leukocyte count, a normal to mildly elevated glucose level, and a mildly elevated protein count. These abnormalities are believed to be due to the blood and its breakdown products or bone dust in the CSF causing a resorption problem or local infl ammation. Patients with bacterial meningitis will have positive Gram stain and culture results, an elevated leukocyte count with a left shift, a lower glucose level, and an elevated protein count. They may also exhibit early signs of a fever spike, photosensitivity, mild headache, and lethargy, as well as delayed facial paralysis. 22 Pneumocephalus. Another serious complication of an indwelling lumbar drain is tension pneumocephalus. This occurs when negative pressure develops across the leak site and causes air from the ambient environment or from an air cell to enter the cranial cavity. The signs and symptoms of tension pneumocephalus are similar to those seen with brain herniation secondary to overdrainage. Also, affected patients might experience a Cushing response of hypertension and relative bradycardia.
Prompt diagnosis and treatment of tension pneumocephalus are paramount because it can be rapidly progressive and fatal. Treatment may be instituted on the basis of a physician's clinical impression even before the patient is sent for x-rays. A plain fi lm of the skull can establish the diagnosis. CT is very sensitive in diagnosing this complication, and it allows for assessment of possible brain herniation from overdrainage. Treatment includes clamping the lumbar drain, placing the patient in the Trendelenburg position, and aspirating or evacuating the subdural air. Exploration of the surgical site and removal of packing may be necessary to allow the trapped air to escape.
Conclusion
In conclusion, lumbar drainage is an important tool in the management of CSF fi stulae. One must recognize its utility in each clinical situation and understand its limitations. Among patients who develop a spontaneous CSF fi stula, a small percentage will contract meningitis within the fi rst week, so the risks of lumbar drainage may not be justifi ed in all cases.
For patients with a persistent leak, lumbar drainage offers a viable adjunct to treatment. Many authors have shown satisfactory success rates in fi stula closure with the use of a spinal drain. Lumbar drainage also allows for direct access to the CSF for daily cultures and sensitivities, which confers a benefi t to the physician in terms of ensuring timely treatment of infection. A lumbar drain also provides a route for the administration of intrathecal antibiotics when indicated. Finally, lumbar drainage is benefi cial for patients who have undergone multiple attempts at fi stula repair and for those who have a high body mass index, hydrocephalus, or a large skull base defect.
We believe that an understanding of the indications for and management of lumbar spinal drains is important for all otolaryngologists, especially given the expanding horizons for minimally invasive endoscopic and skull base surgery.
